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Abstract 

Introduction: Plasma levels of cell-free hemoglobin are associated with mortality in patients with sepsis; however 
descriptions of independent associations with free hemoglobin and free heme scavengers, haptoglobin and 
hemopexin, are lacking beyond their description as acute phase reactants. We sought to determine the association 
of plasma levels of endogenous free hemoglobin and haptoglobin and hemopexin with in-hospital mortality in 
adults with sepsis. 

Methods: We conducted a retrospective observational study of a total of 387 critically ill patients with sepsis in 
multiple intensive care units in an academic tertiary care hospital. Measurements of plasma haptoglobin and 
hemopexin were made on blood drawn within 24 hours of intensive care unit admission. The primary outcome 
was the association between plasma haptoglobin and hemopexin with in-hospital mortality. 

Results: Survivors had significantly higher plasma haptoglobin concentrations (median 1234 pg/ml, interquartile 
range (IQR) 569 to 3037) and hemopexin concentrations (616 pg/ml, IQR 397 to 934) measured on enrollment 
compared to non-survivors (haptoglobin 750 |jg/ml, IQR 404 to 2421, P = 0.008; hemopexin 470 |jg/ml, IQR 303 to 
891, P = 0.012). After controlling for potential confounders including cell-free hemoglobin concentration, patients 
with higher haptoglobin concentrations were significantly less likely to die in the hospital (odds ratio (OR) 0.653, 
95% CI 0.433 to 0.984, P = 0.042), while the same association was not seen with hemopexin (OR 0.53, 95% CI 0.199 
to 1.416, P = 0.206). In a subgroup analysis, the association between increased haptoglobin and hemopexin and 
decreased risk of mortality was no longer significant when analyzing patients with no detectable cell-free 
hemoglobin (P= 0.737 and P = 0.584, respectively). 

Conclusion: In critically ill patients with sepsis, elevated plasma levels of haptoglobin were associated with a 
decreased risk of in-hospital mortality and this association was independent of confounders. Increased haptoglobin 
may play a protective role in sepsis patients who have elevated levels of circulating cell-free hemoglobin beyond 
its previous description as an acute phase reactant. 



Introduction 

Sepsis is a common condition, affecting over 700,000 
adults per year in the United States with an associated 
mortality rate approaching 30% [1,2]. Sepsis is associated 
with damage to the red blood-cell membrane that results 
in cell lysis and release of cell-free hemoglobin into the 
circulation [3-6]. In humans, levels of plasma cell-free 
hemoglobin have been associated with poor clinical 
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outcomes including acute kidney injury [7,8], myocardial 
infarction, and death [9]. Morbidity may be mediated in 
these conditions by the ability of cell-free hemoglobin to 
scavange nitric oxide in various vascular beds [10-14], 
damage the vascular endothelium [15], activate neutrophils 
[16], and oxidize lipid membranes via redox cycling [7,17]. 
We [18] and others [19] have recendy described the pres- 
ence of circulating cell-free hemoglobin in the majority of 
adults with sepsis; levels of cell-free hemoglobin were 
independently associated with poor clinical outcomes. 

Haptoglobin and hemopexin are proteins produced by 
the liver that function, respectively, to scavenge cell-free 
hemoglobin and its byproduct, cell-free heme. To this 
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end, both haptoglobin and hemopexin have been shown 
to have significant antioxidant properties in both ani- 
mals and humans [20,21]. Additionally, in an animal 
model of red blood-cell transfusion with increased levels 
of cell-free hemoglobin, supplementation with haptoglo- 
bin attenuated the development of vasoconstriction, 
endothelial damage, and kidney injury [15]. In animal 
models of sepsis, supplementation with haptoglobin or 
hemopexin decreases biomarkers of inflammation [22], 
reduces the incidence of acute lung injury [23], improves 
organ function, and decreases mortality [24]. 

Plasma levels of haptoglobin and hemopexin have 
been previously described to increase in children and 
adults with sepsis [25-29]. Often regarded as an acute- 
phase reactant in response to physiologic stress, hapto- 
globin levels have been utilized in algorithms to aid in 
the diagnosis of sepsis [25,28]; however evidence to 
suggest that haptoglobin and hemopexin levels are asso- 
ciated with clinical outcomes in patients with sepsis 
beyond their properties as acute-phase reactants is lack- 
ing. Specifically, it is unknown whether haptoglobin and 
hemopexin levels are only a marker of illness or if eleva- 
tions in sepsis have a protective function and are associ- 
ated with improved outcomes independent of severity of 
illness and cell-free hemoglobin levels. 

We conducted a retrospective cohort study to test the 
hypothesis that higher plasma concentrations of haptoglo- 
bin and hemopexin in adults with sepsis are associated 
with a decreased risk of in-hospital mortality, independent 
of severity of illness and cell-free hemoglobin levels. 

Materials and methods 

Patients 

The study population consisted of 400 consecutive pa- 
tients who were prospectively enrolled in the Validating 
Acute Lung Injury Markers for Diagnosis (VALID) study 
[30], had the enrollment diagnosis of sepsis as defined 
by the consensus definition [31], and who all had previ- 
ous measurements of cell-free hemoglobin [18]. After 
approval by the Vanderbilt Institutional Review Board, 
patients who were >18 years old and who were admitted 
to Vanderbilt ICUs for at least two days were enrolled. 
Informed consent was obtained from patients or their 
surrogate decision-maker; however if neither were able 
or available to consent, the Institutional Review Board 
approved a waiver of consent given that this study posed 
minimal risk to participants. Plasma samples were ob- 
tained on all patients within 24 hours of ICU admission. 
Blood was preferentially drawn through a central venous 
catheter before using peripheral venous access or a per- 
ipheral blood draw in an effort to minimize hemolysis. 
All blood samples were immediately cooled, centrifuged 
at 3,000 rpm for 10 minutes, and plasma was frozen 
at -80''C. 



Inclusion/exclusion criteria 

All 400 patients with sepsis who were consecutively 
enrolled were included in the analysis if they had plasma 
available within 24 hours of ICU admission and the sample 
did not appear grossly hemolyzed. 

Measurements 

Plasma drawn within 24 hours of ICU admission was used 
for all measurements, which was the same plasma that 
was previously used to measure cell-free hemoglobin [18], 
and had been thawed and refrozen at -80°C once, prior to 
haptoglobin and hemopexin measurement. Haptoglobin 
and hemopexin were measured in duplicate by commer- 
cially available ELISA (Abeam* Haptoglobin and Hemo- 
pexin Human ELISA Kits, Cambridge, MA, USA). 

Statistical analysis 

The primary analysis for this cohort was in-hospital mor- 
tality in relation to plasma haptoglobin and hemopexin 
levels. The secondary analysis was the association between 
haptoglobin and hemopexin levels and in-hospital mortal- 
ity after adjusting for cell-free hemoglobin levels and other 
variables selected a priori and known to affect levels of 
haptoglobin and hemopexin, along with mortality. We 
also analyzed the association between haptoglobin, he- 
mopexin and mortality in patients who did not have 
detectable cell-free hemoglobin as well as assessing for a 
potential interaction between hemopexin and cell-free 
hemoglobin. 

As the majority of the data were not normally distrib- 
uted, median values with IQR are presented for continu- 
ous variables and frequencies for categorical variables. 
Univariate analyses of continuous variables were conduc- 
ted using Wilcoxon's rank-sum test and Fisher's exact test 
for categorical variables. We developed multivariable lo- 
gistic regression models to analyze the risks of in-hospital 
mortality using known risk factors for poor outcomes and 
reduced haptoglobin and hemopexin levels, including 
measured levels of cell-free hemoglobin. Given that hapto- 
globin, hemopexin, and cell-free hemoglobin values are 
not normally distributed in these patients, we planned a 
priori to log-transform these variables when used in 
regression analyses. IBM* SPSS* Statistics (version 19.0, 
Chicago, IL, USA) was used for statistical analysis; a two- 
sided significance level of 0.05 was used for statistical 
inference. 

Results 

Clinical characteristics 

Of the 400 patients with sepsis, 13 did not meet inclusion 
criteria due to signs of gross hemolysis during blood pro- 
cessing or due to missing plasma samples. The remaining 
387 patients were used for the primary analyses. This 
patient population consisted of medical (72.1%), surgical 
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(21.4%), trauma (3.4%), and cardiovascular (3.1%) ICU 
patients. Table 1 compares characteristics between survi- 
vors and non-survivors. Survivors were significantly youn- 
ger, had lower severity of illness scores measured by Acute 
Physiology and Chronic Health Evaluation (APACHE II), 
were less likely to have chronic liver disease, and had 
lower cell-free hemoglobin levels. The median plasma 
haptoglobin level in all patients measured on enrollment 
was 1132 ng/ml, IQR 508 to 2,890 and the median plasma 
hemopexin level was 591 \xg/m\, IQR 383 to 925. 

In-hospital mortality related to haptoglobin and 
hemopexin concentrations 

Among the 387 patients in the primary analysis, 84 
(21.8%) died during their hospitalization. Survivors had 
significantly higher haptoglobin and hemopexin concen- 
trations (median 1,234 |ig/ml, IQR 569 to 3,037 and 
616 jig/ml, IQR 397 to 934, respectively) compared to 
non-survivors (750 |ig/ml, IQR 404 to 2,421, P = 0.008 
and 470 \xg/m\, IQR 303 to 891, P = 0.012, respectively) 
(Figure la and b). In unadjusted analyses of the entire 
cohort, patients with haptoglobin and hemopexin levels 
in the third and fourth quartiles had significantly de- 
creased odds of in-hospital mortality compared to patients 
with plasma levels in the lowest quartile of haptoglobin 
and hemopexin (Figure 2a and b). 

Multivariable logistic regression models were used to 
separately examine the association between haptoglobin 
and hemopexin concentrations and the risk of in- 
hospital mortality. After controlling for age, APACHE II 
score, the presence of chronic liver disease, and cell-free 
hemoglobin levels, there was a significant decrease in 
risk of in-hospital mortality in patients with higher 



haptoglobin concentrations (odds ratio (OR) 0.653, 95% 
CI 0.433, 0.984, P = 0.042) (Table 2); however this same 
association was not seen with hemopexin (OR 0.53, 95% 
CI 0.199, 1.416, P = 0.206) (Table 3). 



Subgroup analyses in patients with and without 
detectable cell-free hemoglobin 

As the potential mechanism for a protective effect of 
haptoglobin and hemopexin in sepsis may be their ability 
to scavenge cell-free hemoglobin and cell-free heme, 
respectively, we conducted a subgroup analysis to deter- 
mine if the associated reduction in risk of in-hospital 
mortality was present only in patients with detectable cell- 
free hemoglobin. In our original cohort of 387 adults with 
sepsis, 310 (80.1%) had any amount of detectable cell-free 
hemoglobin, and 77 (19.9%) had no detectable plasma 
cell-free hemoglobin within 24 hours of admission to the 
ICU. The mortality among patients with any detectable 
cell-free hemoglobin was 25.2% compared to 7.8% in pa- 
tients with no detectable cell-free hemoglobin {P <0.001). 
In an unadjusted analysis of patients with any amount of 
detectable plasma cell-free hemoglobin, increased hap- 
toglobin levels were associated with a decreased risk of 
in-hospital mortality (OR 0.589, 95% CI 0.399, 0.87, 
P = 0.007), with a similar association seen with increa- 
sed hemopexin (OR 0.241, 95% CI 0.098, 0.596, P = 0.002) 
(Figure 3). Among the patients with no detectable 
cell-free hemoglobin, the associated decreased risk of 
in-hospital mortality was no longer present with 
increased haptoglobin (OR 0.751, 95% CI 0.168, 3.364, 
P = 0.737) or hemopexin (OR 2.762, 95% CI 0.062, 
122.805, P = 0.584). 



Table 1 Baseline characteristics 



Characteristic 


Overall 
n = 387 


Survivors 
n = 303 (78.2%) 


Non-survivors 
n = 84 (21.8%) 


P-value 


Age, years 


57 (48, 68) 


56 (47, 67) 


61 (54, 70) 


0.012 


Men, n (%) 


216 (55.8%) 


164 (54.1%) 


52 (61.9%) 


0.217 


APACHE II on enrollment 


28 (22, 33) 


26 (21, 32) 


31 (26, 36) 


<0.001 


On dialysis at enrollment, n (%) 


14 (3.6%) 


1 3 (4.3%) 


1 (1.2%) 


0.319 


PRBC transfusion, n (%) 


90 (23.3%) 


65 (21.5%) 


25 (29.8%) 


0.144 


Chronic liver disease, n (%) 


30 (7.8%) 


1 6 (5.3%) 


14 (16.7%) 


0.002 


Severe sepsis, n (%) 


373 (964%) 


290 (95.7%) 


83 (98.8%) 


0.319 


Septic shock, n (%) 


273 (70.5%) 


207 (68.3%) 


66 (78.6%) 


0.079 


ALI/ARDS, n (%) 


162 (41.9%) 


1 1 6 (38.3%) 


46 (54.8%) 


0.009 


Free hemoglobin, mg/dl 


20 (10, 30) 


10 (10, 30) 


20 (10, 40) 


0.002 


Haptoglobin, [ig/m\ 


1 1 32 (508, 2,890) 


1 234 (569, 3,037) 


750 (404, 2,421) 


0.008 


Hemopexin, |jg/m 


591 (383, 925) 


616 (397, 934) 


470 (303, 891) 


0.012 



Data given as median (25^ percentile, 75^ percentile) or number (percentage) of patients. APACHE II, Acute Physiology and Chronic Health Evaluation; PRBC, 
packed red blood cells 48 hours prior to blood draw; ALI/ARDS, acute lung injury/acute respiratory distress syndrome. 
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Figure 1 Plasma concentrations of haptoglobin and hemopexin in relation to in-hospital mortality, (a) Survivors had significantly Iniglier 
haptoglobin (1,234 pg/dl) than non-survivors (750 pg/dl) { P = 0.008). (b) Survivors also had significantly higher hemopexin levels (616 (ig/dl) than 
non-survivors (470 |jg/dl) (*P = 0.012). Values are medians (middle bold horizontal line) and IQRs (whiskers). Circles and boxes represent individual 
data points in each group. 
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Figure 2 In-hospital mortality and unadjusted odds ratios based on quartiles of haptoglobin and hemopexin. In unadjusted analyses 
of the entire cohort, patients with (a) haptoglobin and (b) hemopexin in the third and fourth quartiles had significantly decreased odds of 
in-hospital mortality compared to patients with the lowest quartile of haptoglobin and hemopexin. Bars represent percentage of patients who 
died in the hospital in each quartile. Lines and whiskers represent odds ratios and 95% confidence intervals for each quartile compared to the 
first. Dashed line is for reference to show that the unadjusted odds of in-hospital mortality was significantly less in patients in the third and 
fourth quartiles of both haptoglobin and hemopexin. 
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Table 2 Logistic regression model for in-hospital mortality in relation to plasma haptoglobin levels 


Characteristic 


Odds ratio 


95% confidence interval 


P-value 


Age, years 


1.022 


1.004, 1.041 


0.016 


APACHE II score 


1.075 


1.040, 1.111 


<0.001 


Chronic liver disease 


2.567 


1 .099, 5.999 


0.029 


Cell-free hemoglobin level (log, mg/dl) 


2.152 


1 .324, 3497 


0.002 


Haptoglobin (log, pg/mL) 


0.653 


0433, 0.984 


0.042 



Odds ratios are per one year increase in age, one point increase in Acute Physiology and Chronic Health Evaluation (APACHE II) score, the presence versus 
absence of chronic liver disease, one log increase in cell-free hemoglobin, and one log increase in haptoglobin level. 



Assessment for interaction between cell-free hemoglobin, 
haptoglobin, and hemopexin 

As the potential protective association that haptoglobin 
and hemopexin have with mortality might depend on 
the amount of cell-free hemoglobin present rather than 
confound this relationship, and given that the point 
estimate of increased hemopexin for the effect on in- 
hospital mortality increased above an odds ratio of 1.0 in 
the absence of cell-free hemoglobin, we assessed for 
interaction between cell-free hemoglobin, haptoglobin, 
and hemopexin. Regression models with log-transformed 
cell-free hemoglobin, haptoglobin, and a computed in- 
teraction term between both revealed a non-significant 
result {P = 0.968). Additionally, no statistically significant 
interaction was found between cell-free hemoglobin and 
hemopexin on in-hospital mortality (P= 0.581). 

Discussion 

In this cohort study of critically ill patients with sepsis, 
there was a significant association between plasma levels 
of haptoglobin and in-hospital mortality. The association 
of haptoglobin with mortality was independent of a 
number of factors that may influence mortality, includ- 
ing plasma levels of cell-free hemoglobin; however an 
independent association was not seen between hemo- 
pexin and mortality. Additionally, the potential protect- 
ive effect of haptoglobin against mortality in sepsis may 
only occur in the setting of detectable plasma cell-free 
hemoglobin. To our knowledge, this is the first study to 
describe not only the independent associations between 
haptoglobin and mortality in adults with sepsis, but also 



to study this association in the context of levels of 
plasma cell-free hemoglobin. 

Past human studies of haptoglobin and hemopexin 
have focused on their properties as acute-phase reac- 
tants and as a response to the underlying inflammation 
associated with sepsis [25-28]. However, recent animal 
studies of haptoglobin supplementation for treatment of 
increased cell-free hemoglobin in sepsis [22-24] have 
created new interest in these biomarkers as potential 
endogenous protectants against morbidity and as well as 
potential therapeutics in humans with sepsis. Haptoglo- 
bin and hemopexin are endogenous scavengers of cell- 
free hemoglobin and cell-free heme, respectively, and 
have been shown in animals and humans to attenuate 
oxidant injury [20,21] and to reduce inflammation, acute 
lung injury, and mortality in animals with sepsis [22-24]. 
Cell-free hemoglobin is known to induce cell and tissue 
injury via oxidant injury, vasoconstriction, endothelial 
damage, and activation of neutrophils. Recent studies 
describe the presence of cell-free hemoglobin in animals 
[24] and humans with sepsis, with higher levels associ- 
ated with poor clinical outcomes [18,19]. The previously 
described animal studies with haptoglobin supplementa- 
tion and associated improved outcomes add further sup- 
port to cell-free hemoglobin as a significant contributor 
to the morbidity and mortality associated with sepsis. 

The current study suggests a role for haptoglobin in 
adults with sepsis beyond its past descriptions as an 
acute-phase reactant. Higher levels of plasma haptoglo- 
bin were associated with a decreased risk of mortality 
independent of severity of illness, chronic liver disease 



Table 3 Logistic regression model for in-hospital mortality in relation to plasma hemopexin levels 



Characteristic Odds ratio 95% confidence interval P-value 



Age, years 


1.022 


1.004-1.041 


0.017 


APACHE II score 


1.072 


1.037-1.109 


<0.001 


Chronic liver disease 


2.741 


1.172-6.410 


0.020 


Cell-free hemoglobin level (log, mg/dl) 


2.143 


1323-3.471 


0.002 


Hemopexin (log, ^ig/ml) 


0.530 


0.199-1.416 


0.206 



Odds ratio are per one year increase in age, one point increase in Acute Physiology and Chronic Health Evaluation (APACHE II) score, the presence versus absence 
of chronic liver disease, one log increase in cell-free hemoglobin, and one log increase in hemopexin level. 
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Any Cell-free Hemo g lobin 
(n = 310) 

Haptoglobin 

Hemopexin 

No Cell-free Hemo g lobin 
(n = 77) 

Haptoglobin 
Hemopexin 



Decreased Risk of Mortality 



Increased Risk of Mortality 



Odds Ratio (95% Confidence Interval) 

Figure 3 In-hospital mortality and unadjusted odds ratios for haptoglobin and liemopexin based on the presence or absence of 
plasma cell-free hemoglobin. The associated risl< of in-hospital mortality was significantly lower with both increased haptoglobin and 
hemopexin in patients with any detectable amount of cell-free hemoglobin; however this association was no longer statistically significant in 
the subgroup of patients with no detectable cell-free hemoglobin. 



(which could impair haptoglobin production), and cell- 
free hemoglobin level. The association of haptoglobin 
levels with lower mortality was strongest in patients with 
detectable plasma cell-free hemoglobin and was not 
present in patients with no detectable cell-free hemo- 
globin. These data further support the potential injuri- 
ous role of cell-free hemoglobin in the pathophysiology 
of sepsis and suggest that haptoglobin as an endogenous 
scavenger of cell-free hemoglobin may play a protective 
role in patients with sepsis rather than just being an 
acute-phase reactant. Although hemopexin levels were 
also associated with decreased mortality, this association 
did not persist after adjustment for chronic liver disease 
and severity of illness, suggesting that the association 
between lower hemopexin levels and mortality may 
primarily reflect higher severity of illness. 

In conditions other than sepsis that are associated with 
increased levels of cell-free hemoglobin, such as cardio- 
pulmonary bypass, red blood cell transfusion, extracor- 
poreal circulation, and acute hemolysis, haptoglobin has 
been studied in humans as a potential therapeutic to 
prevent morbidity and mortality [32]. In the largest of 
these studies, patients undergoing cardiopulmonary by- 
pass were supplemented with haptoglobin and had a 
significant reduction in markers of kidney injury com- 
pared to those patients who were not given haptoglobin 
[33]. Although the dose of haptoglobin varied widely, 
the patients studied had a heterogenous spectrum of 
disease states, and sample sizes were small, haptoglobin 
was generally well-tolerated and was associated with 
improvement in the primary endpoint in 10 of the 11 
studies [32]. As the role of cell-free hemoglobin in the 



pathophysiology of sepsis is better elucidated, haptoglobin 
as a potential therapeutic will likely be attractive since 
both animal and human studies of diseases associated with 
increased cell-free hemoglobin have suggested a protective 
effect. 

This study has several limitations. First, the retrospect- 
ive cohort study design does not allow us to determine 
causation. Specifically, an independent association bet- 
ween increased levels of haptoglobin and decreased risk 
of death may only suggest, rather than prove, an attenu- 
ation of the deleterious effects of cell-free hemoglobin 
by haptoglobin, nor does this analysis tell us the specific 
role that haptoglobin may play in preventing mortality 
in patients with sepsis. We attempted to control for 
possible confounders with logistic regression models, 
however it is possible that there are unmeasured con- 
founder, and haptoglobin is only a marker of severity of 
illness rather than a potential protective mediator in 
sepsis. Among the distribution of both haptoglobin and 
hemopexin measurements, there was considerable over- 
lap for mortality status raising the possibility that the 
statistical difference found was less biologically meaning- 
ful. Additionally, hemopexin, as a scavenger of cell-free 
heme, was not independently associated with a protect- 
ive effect against mortality in patients with sepsis, which 
raises the concern of an unmeasured confounder, lack of 
power to detect an association, or the potential lack of 
importance of cell-free heme in the pathophysiology of 
sepsis. We were not able to measure levels of cell-free 
heme in the current cohort. Finally, with regard to the 
subgroup analysis of patients with no measurable cell- 
free hemoglobin, the overall number of patients in this 
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analysis was small, as was the number of non-survivors. 
The small number of non-survivors limited our ability to 
control for potential confounders in the subgroup 
analysis and also raises concern that we did not have the 
power to detect an interaction effect between cell-free 
hemoglobin, haptoglobin, and hemopexin. 

Conclusions 

In critically ill patients with sepsis, increased plasma 
haptoglobin and hemopexin levels were associated with a 
reduction in in-hospital mortality. Additionally, the asso- 
ciation of haptoglobin with mortality was found to be 
independent of a number of confounders, including sever- 
ity of illness and plasma levels of cell-free hemoglobin. 
However, increased hemopexin was not independently 
associated with a protective effect against mortality. 
Prospective studies, including randomized trials, are 
needed to better elucidate the potential protective 
effects of endogenous and exogenous haptoglobin against 
the deleterious effects of cell-free hemoglobin in patients 
with sepsis. 

Key messages 

• Increased plasma levels of haptoglobin and 
hemopexin measured early in sepsis are associated 
with decreased in-hospital mortality. 

• This association remained statistically significant 
in regards to haptoglobin after controlling for a 
number of potential confounders, including 
cell-free hemoglobin. 

• Haptoglobin and hemopexin may only provide 
protection in patients with sepsis in the setting of 
elevated cell-free hemoglobin levels. 

Abbreviations 

ALI/ARDS: Acute lung injury/acute respiratory distress syndrome; 
APACHE: Acute physiology and chronic health evaluation; ELISA: Enzyme- 
linked immunosorbent assay; OR: Odds ratio; PRBC: Packed red blood cell; 
VALID: Validating acute lung injury markers for diagnosis. 

Competing interests 

The authors declare that they have no financial or non-financial competing 
interests. 

Authors' contributions 

DRJ, JAB, and LBW were involved in the study design. DRJ, GS, NW, AKM, 
and GRB collected the data. DRJ, AB, and LBW performed the statistical 
analysis. DRJ drafted the manuscript and all authors participated in the 
revision of the manuscript All authors made substantial contributions to the 
conception of the study, acquisition of data, and interpretation. All authors 
read and approved the final manuscript 

Acl<nowledgements 

Supported in part by the Vanderbilt CTSA grant ULl RR024975-01 from 
NCRR/NIH, NIH T32 HL87738, NIH HLl 03836, NIH HL090785, an American 
Heart Association Clinical Research Award, an American Heart Associarion 
Established Investigator Award, and Courtney's Race for the ARDS Cure and 
the Courtney Charneco Family. 



Author details 

^Department of IVledicine, Division of Allergy, Pulmonary and Critical Care 
IVledicine, Vanderbilt University School of IVledicine T-1218 MCN, Nashville, 
TN 37232-2650, USA. ^Department of Surgery, Vanderbilt University School of 
IVledicine, Nashville, TN, USA. ^Department of Pathology, Microbiology and 
Immunology, Vanderbilt University School of Medicine, Nashville, TN, USA. 

Received: 1 1 August 2013 Accepted: 28 October 2013 
Published: 14 November 2013 



References 

L Martin GS, Mannino DIVl, Eaton S, Moss M: The epidemiology of sepsis in 
the united states from 1 979 through 2000. New Engl J Med 2003, 
348:1546-1554. 

2. Angus DC, Unde-Zwirble WT, Udicker J, Clermont G, Carcillo J, Pinsky MR 
Epidemiology of severe sepsis in the united states: Analysis of incidence, 
outcome, and associated costs of care. Crif Care Med 2001, 29:1303-1310. 

3. Baskurt OK, Gelmont D, Meiselman HJ: Red blood cell deformability in 
sepsis. Am J Resp Crlt Care Med 1998, 157421-427. 

4. Kempe DS, Akel A, Lang PA, Hermie T, Biswas R, Muresanu J, Friedrich B, 
Dreischer P, Wolz C, Schumacher U, Peschel A, Gotz F, Doring G, WiederT, 
Gulbins E, Lang F: Suicidal erythrocyte death in sepsis. J Mol Med (Berl) 
2007, 85:273-281. 

5. Machiedo GW, Powell RJ, Rush BF Jr, Swislocki Nl, Dikdan G: The incidence 
of decreased red blood cell deformability in sepsis and the association 
with oxygen free radical damage and multiple-system organ failure. 
Arch Surg 1989, 124:1386-1389 

6. Piagnerelli M, Boudjeltia KZ, Vanhaeverbeek M, Vincent JL Red blood cell 
rheology in sepsis. Intern, Care Med 2003, 29:1052-1061. 

7. Billings FT, Ball SK, Roberts LJ 2nd, Pretorius IVl: Postoperative acute kidney 
injury is associated with hemoglobinemia and an enhanced oxidative 
stress response. Free Radic Biol Med 2011, 50:1480-1487. 

8. Vermeulen Windsant IC, Snoeijs MG, Hanssen SJ, Altintas S, Heijmans JH, 
Koeppel TA, Schurink GW, Buurman WA, Jacobs MJ: Hemolysis is 
associated with acute kidney injury during major aortic surgery. 
Kidney Int 2010, 77:913-920. 

9. Natanson C, Kern SJ, Lurie P, Banks SIVl, Wolfe SM: Cell-free hemoglobin- 
based blood substitutes and risk of myocardial infarction and death: a 
meta-analysis. JAMA 2008, 299:2304-2312. 

1 0. Reiter CD, Wang X, Tanus-Santos JE, Hogg N, Cannon RO 3rd, Schechter AN, 
Gladwin MT: Cell-free hemoglobin limits nitric oxide bioavailability in 
sickle-cell disease. Nat Med 2002, 8:1383-1389. 

1 1 . Meyer C, Helss C, Drexhage C, Kehmeier ES, Balzer J, IVluhlfeld A, Merx MW, 
LauerT, Kuhl H, Floege J, Kelm M, RassafT Hemodialysis-induced release 
of hemoglobin limits nitric oxide bioavailability and impairs vascular 
function. J /Im Coll Cardiol 2010, 55:454-459. 

12. Gladwin MT, Kim-Shapiro DB: Storage lesion in banked blood due to 
hemolysis-dependent disruption of nitric oxide homeostasis. Curr Opin 
Hematol 2009, 16:515-523. 

13. Minneci PC, Deans KJ, Zhl H, Yuen PS, Star RA, Banks SM, Schechter AN, 
Natanson C, Gladwin IVIT, Solomon SB: Hemolysis-associated endothelial 
dysfunction mediated by accelerated no inactivation by 
decompartmentalized oxyhemoglobin. J Clin Invest 2005, 1 1 5:3409-341 7. 

14. Donadee C, Raat NJ, Kanias T Tejero J, Lee JS, Kelley EE, Zhao X, Liu C, 
Reynolds H, Azarov I, Frizzell S, IVIeyer EM, Donnenberg AD, Qu L Triuizi D, 
Kim-Shapiro DB, Gladwin MT: Nitric oxide scavenging by red blood cell 
microparticles and cell-free hemoglobin as a mechanism for the red cell 
storage lesion. Circulation 2011, 124:465-476. 

15. Baek JH, DAgnlllo F Vallellan F Perelra CP, Williams MC, Jla Y, Schaer DJ, 
Buehler PW: Hemoglobin-driven pathophysiology is an in vivo 
consequence of the red blood cell storage lesion that can be attenuated 
in guinea pigs by haptoglobin therapy. J Clin Invest 2012, 122:1444-1458. 

16. Graca-Souza AV, Arruda MA, de Freitas MS, Barja-Fidalgo C, Oliveira PL: 
Neutrophil activation by heme: Implications for inflammatory processes. 
Blood 2002, 99:4160-4165. 

1 7. Reeder BJ, Svistunenko DA, Cooper CE, Wilson MT: The radical and redox 
chemistry of myoglobin and hemoglobin: from in vitro studies to 
human pathology. Antioxid Redox Signal 2004, 6:954-966. 

18. Janz DR Bastarache JA, Peterson JF Sills G, Wickersham N, May AK 
Roberts LJ 2nd, Ware LB: Association between cell-free hemoglobin. 



Janz et al. Critical Care 201 3, 1 7:R272 Page 8 of 8 

http://ccforum.eom/content/17/6/R272 



19. 



20. 



22. 



23. 



24. 



25. 



26. 



27. 



28. 



29. 



30. 



32. 



33. 



acetaminophen, and mortality in patients with sepsis: an observational 
study*. Crit Care Med 201 3, 41 :784-790. 

Adamzik M, Hamburger T, Petrat F, Peters J, de Groot H, Hartmann M: 
Free hemoglobin concentration in severe sepsis: methods of 
measurement and prediction of outcome. Crit Care 2012, 16:R125. 
Melamed-Frank M, Lache 0, Enav Bl, SzafranekT, Levy NS, Ricklis RM, 
Levy AP: Structure-function analysis of the antioxidant properties of 
haptoglobin. Blood 2001, 98:3693-3698. 

Tolosano E, Altruda F: Hemopexin: structure, function, and regulation. 

DNA Cell Biology 2002, 21:297-306. 

Arredouani MS, Kasran A, Vanoirbeek JA, Berger FG, Baumann H, 
Geuppens JL: Haptoglobin dampens endotoxin-induced inflammatory 
effects both in vitro and in vivo. Immunology 2005, 114:263-271. 
Yang F, Haile DJ, Berger FG, Herbert DC, Van Beveren E, Ghio AJ: 
Haptoglobin reduces lung injury associated with exposure to blood. 
Am J Physiol Lung Cell Mol Physiol 2003, 284:L402-L409. 
Larsen R, Gozzelino R, Jeney V, Tokaji L, Bozza FA, Japiassu AM, Bonaparte D, 
Cavalcante MM, Chora A, Ferreira A, Marguti I, Cardoso S, Sepulveda N, 
Smith A, Scares MP: A central role for free heme in the pathogenesis of 
severe sepsis. Sci TransI Med 2010, 2:51 ra71. 

Chavez-Bueno S, Beasley JA, Goldbeck JM, Bright BC, Morton DJ, Whitby 
PW, Stull TL: Haptoglobin concentrations in preterm and term newborns. 
J Perinoto/ 201 1,31:500-503. 

Kalenka A, Feldmann RE Jr, Otero K, Maurer MH, Waschke KF, Fiedler F: 
Changes in the serum proteome of patients with sepsis and septic 
shock. Anesth Analg 2006, 103:1522-1526. 

Philip AG: Haptoglobin in diagnosis of sepsis. J Perinatal 2012, 32:312. 
author reply 313. 

Philip AG, Hewitt JR: Early diagnosis of neonatal sepsis. Pediatrics 1980, 
65:1036-1041. 

Thongboonkerd V, Chiangjong W, Mares J, Moravec J, Tuma Z, Karvunidis T, 
Sinchaikul S, Chen ST, Opatrny K, Matejovic M: Altered plasma proteome 
during an early phase of peritonitis-induced sepsis. Clin Scl (Lond) 2009, 
116:721-730. 

Siew ED, Ikizler TA, Gebretsadik T, Shintani A, Wickersham N, Bossert F, 
Peterson JF, Parikh CR, May AK, Ware LB: Elevated urinary il-18 levels at 
the time of ICU admission predict adverse clinical outcomes. Clin J Am 
Soc Nephrol 2010, 5:1497-1505. 

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, 
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for 
the use of innovative therapies in sepsis. The accp/sccm consensus 
conference committee. American college of chest physicians/society of 
critical care medicine. Chest 1992, 101:1644-1655. 
Schaer DJ, Buehler PW, Alayash Al, Belcher JD, Vercellotti GM: Hemolysis 
and free hemoglobin revisited: Exploring hemoglobin and hemin 
scavengers as a novel class of therapeutic proteins. Blood 2013, 
121:1276-1284 

Tanaka K, Kanamori Y, Sato T, Kondo C, Katayama Y, Yada I, Yuasa H, 
Kusagawa M: Administration of haptoglobin during cardiopulmonary 
bypass surgery. ASAIO Trans 1991, 37:M482-M483. 



doi:10.1186/cc13108 

Cite this article as: Janz et al: Association between haptoglobin, 
hemopexin and mortality in adults with sepsis. Critical Care 2013 17:R272. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.blomedcentral.com/submit 



o 



BioMed Central 



